Abbreviations: CMI = Case Mix Index DRG = diagnosis-related group HCDS = Health Care Delivery Systems PUH = academic, tertiary care, Level-1 trauma center RCC = ratio of costs-to-charges StM = community hospital TB = tuberculosis During an infectious disease outbreak, the ability of a hospital to continue routine operations depends upon its ability to absorb expected losses in revenue when the routine charge base is replaced by infectious disease-related charges. Objective: The purpose of this study was to determine the probable financial impact of a bioterrorism event or an infectious disease outbreak on an academic and a community hospital. Methods: During the fiscal year 01
Introduction
From an analysis of mock disaster exercises regarding the intentional release of biological agents such as TOPOFF I-III 1 and Dark Winter (Washington, DC, 2001), 2 it is apparent that local and regional Health Care Delivery Systems (HCDSs) will be overwhelmed with individuals seeking medical care related to a bioterrorist attack. 3 The HCDS may include prehospital care and transport, evaluation and triage in the emergency department, inpatient observation and treatment, and morgue storage and body elimination. Unfortunately, due to many medico-economic factors, current HCDSs in the US already are under a significant amount of financial strain. 4 The hospital-based, inpatient components of HCDS have lost the flexibility to absorb sudden-onset disaster-and non-disaster-related increases in patient volumes. This current inflexibility and the potential need for massive amounts of healthcare resource expenditure during a perceived or actual biological agent release will cause an indeterminate amount of financial instability to both privately and federally supported HCDSs. 3 Estimates have placed the economic impact of a biological event between (US)$477.7 million per 100,000 persons to $26.2 billion per 100,000 persons depending on the agent released. 5 Moreover, the anticipated loss of profitable routine admissions and procedures specific to the institution during the responses may further economic damages.
In order to determine the financial impact of bioterrorism on an academic, tertiary, referral center and a community hospital, a model was created to estimate the daily losses in hospital charges that would occur if bioterrorismrelated, diagnosis-related groups (DRGs) would replace the daily charges from the routine operations of each hospital.
Methods
The inpatient charges for the fiscal year 01 July 2002-30 June 2003 were identified by the DRG of an academic, tertiary-care, Level-1 trauma center (PUH) and a community hospital (StM) ( Table 1 ) and the average changes were computed for the DRGs. Per diem charges for patients with gastroenteritis, sepsis, meningitis, tuberculosis (TB), and pneumonia were used to simulate the diagnostic coding of biological agents. Comparisons were made with routine (stroke, cardiac, intensive care) and specialized (trauma, transplantation) per diem hospital charges. Determination of the ratio of costs-to-charges (RCC) and Case Mix Index (CMI) were performed for each hospital.
Results
The PUH and StM CMI/RCC calculations were 2.26/0.34 and 1.40/0.41, respectively. The total average per diem charges per PUH patient for all 31,530 discharges were $10,516. Specifically, the average of the charges were $20,499 for transplants, $14,406 for the provision of critical care, $12,650 for cardiac care, $11,576 for patients who received trauma/orthopedic care, and $8,259 for service delivered to patients with a stroke. For infectious diseases, the average per diem charges per patient were: (1) $6,184 for therapeutic gastroenteritis; (2) $7,842 for those with sepsis; (3) $10,831 for meningitis; (4) $6,118 for TB; and acceptance of referral patients), the hospital will experience a decline in total charges per patient per day. Assuming that a hospital's CMI approximates the acuity of patients and level of care available, and that the RCC represents a hospital's general overhead (non-profit institutions), then an ideal CMI range exists, along with a RCC that can identify the facility that is the most economical choice to be converted during a bioterrorism event. Overall, in comparison with other hospitals that the HCDS studied, the CMI index and RCC are related inversely, and may indicate that there is an ideal range of CMI and RCC for hospitals so that response to a bioterorism event would not be significantly destabilizing from a financial perspective ( Figure 3) . In order to determine the amount of financial instability that may be introduced into the HCDS during an act of bioterrorism, baseline accounting was performed for the current routine costs and revenues. With the initial determination of an institution's DRG CMI value, an overall assessment of the level of medical acuity and complexity that a HCDS routinely provides can be established. 6 As CMI can represent the average relative cost weight for all patients discharged during a given time frame with a particular DRG classification, it can be used to classify the financial baseline that is required for normal functioning. Although DRG outliers will exist in any DRG classification system, a properly chosen DRG coding system will minimize the number of patients that are not properly accounted for in the CMI determination. The CMI will be higher in tertiary care institutions as well as those facilities that deal with a large number of patients with chronic or complex medical conditions.
After the CMI was determined, further fiscal accounting methodologies were applied. Although multiple factors influence the accuracy with which hospital charges are converted into costs and revenues, there are standard calculations that can be performed to estimate these values. Utilizing the RCC is an accurate method for estimating the average costs per DRG for hospitalized patients. 7 By determining the RCC for a hospital, the per diem base charges can be converted into a standard measure for comparing other institutions.
The results of this study indicate that StM, with a CMI of 1.40 and a RCC of 0.41 may be a better hospital to convert during a bioterrorism event than PUH (CMI 2.26, RCC 0.34). This is because of its ability to handle the types of patients that fall within the DRG relative weights required to handle victims of bioterrorism, at a lesser charge reduction from baseline charges ( Table 2) . If the RCC is used to estimate clinical and non-clinical overhead needs of the hospital, a relatively higher number may represent a facility with the capability to function more efficiently with economic constraints.
Although this analysis was performed using hospital charges, these charges are not equivalent to actual income or renumeration of services. Many other determinants to actual recovery of charges include managed care contracts, Medicaid per diem, and other forms of fee arrangements on high-end services including spot pricing. The charge base within this HCDS likely is different from other systems, and may not be applicable to other HCDSs.
Furthermore, although the CMIs for all hospitals are published in the Federal Register each year, a direct correlation on the presence of key bioterrorism capacity related to the CMI may be required to correlate the CMI with the true hospital bioterrorism capacity. The American Hospital Association database has data on key capacities for all hospitals that respond to the American Hospital Association annual survey, and may be a good reference to tie specific bioterrorism capacities to CMI for each hospital selected to care for bioterrorism patients during an actual event. Lastly, CMI is generated from Medicare patients only, and for completeness, the capacity for treatment of children must be addressed specifically prior to designating a hospital based upon CMI/RCC alone.
Conclusions
The financial impact of a bioterrorist event on a HCDS is largely detrimental, replacing the routine charge base with bioterrorism-related DRG charge groups. The ability of the inpatient hospital component to continue routine oper- event must include an assessment of hospital capability and capacity to handle these types of patients, and also should consider global fiscal characteristics as determined by the CMI and RCC as determinants of the scale of potential revenue reduction and baseline overhead needs. The CMI range for a designated "bioterrorism hospital" ideally may fall between 1.2-1.6 with an RCC approximating 0.4. Hospitals within this range are poised to care for the sickest of the patients. However, they may not experience a charge reduction, which would cause financial instability to the system. Further analysis of specific hospital bioterrorism capacity and capabilities would need to be performed to ensure adequate patient care during a biological event.
